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PROCESSING BYPASS REGISTER FILE 
SYSTEM AND METHOD 

FIELD OF THE INVENTION 

This invention relates to the ?eld of processing informa 
tion. In particular, the present invention relates to processing 
data paths and corresponding control systems and methods. 

BACKGROUND OF THE INVENTION 

Pipelined processor data paths often stage (temporarily 
store) results of information processing for some numberN of 
cycles before “retiring” to an architectural register ?le. 

Traditionally, this “staging” is implemented via a series i: 
l . . . N of storage elements (hereafter referred to as a “bypass 

register ?le”). Every cycle, the data from storage element 
number N may be Written (retired) to the architectural register 
?le, data from other storage elements i is copied to storage 
element (i+l), and a neW result (if any) is Written into storage 
element number 1, (e.g., results in the bypass register ?le are 
physically shifted through the storage elements). Effectively, 
each result is therefore copied N times before retiring, Which 
increases poWer usage. 

The processor’s functional units must be able to read the 
most recent value of a register from either the architectural 
register ?le, or from any of the locations in the bypass register 
?le. This requires selecting among N+l locations, Which 
requires a large number of Wires and Wire tracks in the pro 
cessor’s core. 

SUMMARY 

A processing bypass register ?le system and method are 
disclosed. In one embodiment a processing bypass register 
?le includes a rotating head pointer, Write ports, storage cells 
and read ports. The Write ports receive processing result infor 
mation. The plurality of cells store the results. The read ports 
forWard results to the processing data path, and to an archi 
tectural register ?le for retirement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an exemplary information 
processing pipeline in accordance With one embodiment of 
the present invention. 

FIG. 2 is a block diagram of an exemplary bypass register 
?le included in a processing pipeline in accordance With one 
embodiment of the present invention. 

FIG. 3 is a How chart of an exemplary processing bypass 
method in accordance With one embodiment of the present 
invention. 

FIG. 4 is a block diagram of an exemplary implementation 
in Which a head/tail pointer and storage cells are utiliZed in 
accordance With one embodiment of the present invention. 

FIG. 5 is a block diagram of another exemplary con?gu 
ration of a processing pipeline including a hybrid bypass 
register stage in accordance With one embodiment of the 
present invention. 

DETAILED DESCRIPTION 

Reference Will noW be made in detail to the preferred 
embodiments of the invention, examples of Which are illus 
trated in the accompanying draWings. While the invention 
Will be described in conjunction With the preferred embodi 
ments, it Will be understood that they are not intended to limit 
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2 
the invention to these embodiments. On the contrary, the 
invention is intended to cover alternatives, modi?cations and 
equivalents, Which may be included Within the spirit and 
scope of the invention as de?ned by the appended claims. 
Furthermore, in the folloWing detailed description of the 
present invention, numerous speci?c details are set forth in 
order to provide a thorough understanding of the present 
invention. HoWever, it Will be obvious to one ordinarily 
skilled in the art that the present invention may be practiced 
Without these speci?c details. In other instances, Well knoWn 
methods, procedures, components, and circuits have not been 
described in detail as not to unnecessarily obscure aspects of 
the current invention. 
Some portions of the detailed descriptions that folloW are 

presented in terms of procedures, logic blocks, processing, 
and other symbolic representations of operations on data bits 
Within a computer memory. These descriptions and represen 
tations are the means used by those skilled in the data pro 
cessing arts to most effectively convey the substance of their 
Work to others skilled in the art. A procedure, logic block, 
process, etc., is here, and generally, conceived to be a self 
consistent sequence of steps or instructions leading to a 
desired result. The steps are those requiring physical manipu 
lations of physical quantities. Usually, though not necessarily, 
these quantities take the form of electrical or magnetic signals 
capable of being stored, transferred, combined, compared, 
and otherWise manipulated in a computer system. It has 
proven convenient at times, principally for reasons of com 
mon usage, to refer to these signals as bits, bytes, values, 
elements, symbols, characters, terms, numbers, or the like. 

It should be borne in mind, hoWever, that all of these and 
similar terms are to be associated With the appropriate physi 
cal quanti?es and are merely convenient labels applied to 
these quantities. Unless speci?cally stated otherWise as 
apparent from the folloWing discussions, it is appreciated that 
throughout the present invention, discussions utiliZing terms 
such as “setting,” “storing, scanning, receiving, send 
ing,” “disregarding,” “entering,” or the like, refer to the action 
and processes of a computer system or similar electronic 
computing device, that manipulates and transforms data rep 
resented as physical (electronic) quantities Within the com 
puter system’s registers and memories into other data simi 
larly represented as physical quanti?es Within the computer 
system memories or registers or other such information stor 
age, transmission or display devices. 
The present invention uses a rotating head pointer to indi 

cate Where in the bypass register ?le to Write neW results (and 
from Where to retire previous results into the architectural 
register ?le). In this approach, each result remains in the same 
location in the bypass register ?le until it is retired into the 
architectural register ?le, thus eliminating the poWer use from 
constant copying. Moreover, absent the need for copying, the 
approach enables the bypass register ?le to be constructed 
from RAM (random access memory), Which greatly simpli 
?es the Wiring problem, since in a RAM array, bit lines 
(Wires) are naturally shared among roWs in the array. 

FIG. 1 is a block diagram of information processing pipe 
line 100 in accordance With one embodiment of the present 
invention. Information processing pipeline 100 includes pro 
cessing component 110, data path 120, bypass register ?le 
160, bypass tracking and control component 150 and archi 
tectural register ?le 130. Processing component 110 is 
coupled to data path 120 Which in turn is coupled to bypass 
tracking and control component 150 and architectural register 
?le 130. Processing component 110 processes information 
and delivers the results to data path 120. Data path 120 stages 
and delivers processing information to architectural register 
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130. Bypass tracking and control component 150 tracks and 
controls the progress of the processing information through 
data path 120, including selecting data from either the bypass 
register ?le 160 or architectural register ?le 130 to be for 
Warded to the processing component 110. 

In one embodiment, data path 120 includes a bypass reg 
ister ?le. Instead of shifting results around inside the bypass 
register ?le each cycle, a neW result is Written into one register 
(e. g., allocated at the time a computation or other processing 
instruction issued), Where the result remains until the result 
retires to a architectural register ?le. In one embodiment, 
entries/ slots in the bypass register ?le are managed by rotat 
ing indices into the bypass register ?le, one for Writing neW 
results, and one for reading a currently retiring value. The 
number of entries in the bypass register ?le typically is a 
function of the depth (number of stages) of the pipeline. 

Keeping results in the same location in the bypass register 
?le until retirement saves poWer, and also enables an embodi 
ment Wherein the bypass register ?le is implemented as a 
random access memory (RAM) array. This in turn greatly 
reduces chip area and Wiring complexity, as bit lines for 
reading and Writing the bypass register ?le entries are natu 
rally shared among all entries in the array. In such a RAM 
embodiment, the number of Wires is independent of the num 
ber of stages (N) in the pipeline, and the number of bits 
Written in a given cycle is l/N of the bits Written in a tradi 
tional design. 

It is understood that bypass tracking and control compo 
nent 150 can be a traditional implementation based on asso 
ciative lookup. Co-pending application Ser. No. II/ 540,789 
entitled “A PROCESSING BYPASS DIRECTORY TRACK 
ING SYSTEM AND METHOD” presents an exemplary 
implementation of bypass tracking and control that does not 
require associative lookup, and that is particularly Well suited 
to controlling the bypass register ?le of the present invention. 

FIG. 2 is a block diagram of bypass register ?le 160 
included in processing pipeline 100 in accordance With one 
embodiment of the present invention. In one embodiment, 
path 120 includes bypass register ?le 160 and result selection 
component 450. Bypass register ?le 160 includes Write ports 
410, a plurality of cells 420 and read ports 430. Write ports 
410 are coupled to the plurality of cells 420 Which in turn are 
coupled to read ports 430. 

In one exemplary implementation, the bypass register ?le 
160 includes one Write port and tWo read ports. One of the 
read ports is for reading a value to retire to the architectural 
register ?le and the other one of the read ports is for reading 
source operands for the processing component 110. Bypass 
register ?le 160 can include additional read ports for reading 
additional source operands. 

In another embodiment, bypass register ?le 160 includes 
additional Write ports to receive multiple results in a single 
cycle, for example results produced in different stages of the 
processing component 110 (e.g., With different “latencies” 
relative to the beginning of the pipeline). 

The components of bypass register ?le 160 and control 
component 150 cooperatively operate to implement stages of 
a processing information pipeline . Write ports 410 receive 
computation or processing result information. The plurality 
of cells 420 store the processing information. Read ports 430 
forWard the processing result information to a architectural 
register ?le (e. g., architectural register ?le 130) and a bypass 
path. Head and tail pointers 490 control Where neW result 
information is Written, and from Where result information is 
read for retirement to the architectural register ?le. 

In one embodiment, read ports 430 forWard the processing 
information to a selection component 450 included in the 
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4 
bypass path. Selection component 450 can be included in data 
path 120. In one exemplary implementation, selection com 
ponent 450 receives processing result information from pro 
cessing component 110, bypass register ?le read port 430 and 
architectural register ?le 130. Selection component 450 
selectively forWards the received information back to pro 
cessing component 110 via a bypass feed back path in accor 
dance With directions from bypass tracking and control com 
ponent 150. Selection component 450 can include a 
multiplexer for selecting betWeen a portion of the processing 
information in the architectural register ?le and a portion of 
the processing information in the bypass ?le register. 

In one embodiment, processing component 110 produces 
results With differing latency (e.g., as measured relative to the 
start of the processing pipeline). For example, processing 
component 110 might produce “fast” results after one cycle of 
processing, and “sloW” results after three cycles of process 
ing. To handle this, a bypass register ?le might include mul 
tiple copies of the head pointer 490, one for each distinct 
latency of processing component 110. The multiple head 
pointers are rotated in unison, but are “offset” from each other 
corresponding to the difference in latencies in processing 
component 110. For example, in a given cycle a ?rst head 
pointer corresponding to a “fast” l-cycle result might point at 
entry number i, While a second head pointer corresponding to 
a “sloW” 3-cycle result points at entry number (i+(3—l)). 
Results of a given latency are Written into the bypass register 
?le into the entry indicated by the head pointer associated 
With that given latency. 

FIG. 3 is a How chart of an exemplary processing bypass 
method 500 in accordance With one embodiment of the 
present invention. In one embodiment processing bypass 
method 500 can produce multiple results per cycle. 

At block 510 computation result information is received. In 
one embodiment, the computation result information is 
received from a processing component (e.g., processing com 
ponent 110). 
The computation result information is Written to a bypass 

register ?le at block 520. 
In block 530 indices are rotated into the bypass register ?le. 

In one embodiment, the indices include a head pointer and tail 
pointer. In one exemplary implementation, neW results are 
Written into the bypass register ?le at a ?xed offset relative to 
Where the head pointer points. Computation information to be 
retired is read from the bypass register ?le at a ?xed offset 
relative to Where the tail pointer points. FIG. 4 is a block 
diagram of an exemplary implementation in Which head/tail 
pointer 710 (e.g., one embodiment of head/tail pointer 490) 
and storage cells (e. g., one embodiment of storage cells 420) 
are utiliZed in accordance With one embodiment. NeW results 
are Written into storage cell 727 of a bypass register ?le at a 
?xed offset (e.g., cell 726) relative to Where (e. g., cell 725) the 
head pointer 711 points and information to be retired is read 
from storage cells (e.g., cell 724) of the bypass register ?le at 
a ?xed offset (e.g., in cell 723) relative to Where (eg cell 722) 
the tail pointer 712 points. Head/tail pointer 710 can include 
a second head pointer 731. In one embodiment, head pointer 
711 is associated With a ?rst latency and head pointer 731 is 
associated With a second latency. In one embodiment, rotating 
includes incrementing or decrementing a head and tail pointer 
With Warp around. Head and tail pointers move in unison, and 
so can be implemented via a single physical register. 
At block 540 the computation information can be retired to 

a architectural register ?le, based on the tail pointer index. 
At block 550 the computation information can be retired to 

a architectural register ?le, based on the tail pointer index. 
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In one embodiment, the computation information is staged 
in optional block 505. 

In one embodiment there is a delay from Writing process 
ing information into a bypass register ?le to that information 
becoming available for reading. In one embodiment, a fast 
register is added to “stage” output from the processing ele 
ment by one cycle, and a leg is added to selection component 
450, alloWing it to deliver a critical result from said additional 
register. The output from the bypass register ?le can be 
ignored in this case. FIG. 5 is a block diagram of another 
exemplary con?guration processing pipeline 100 including a 
hybrid bypass register stage 195 in accordance With one 
embodiment of the present invention. Hybrid bypass stage 
195 stages output from said processing component before 
Writing to said bypass register ?le. It is appreciated that addi 
tional stages of hybrid bypass can be handled if the bypass 
register ?le is “farther aWay” from Where neW results are 
produced. 

In addition to reducing die area, the present invention sys 
tems and methods can facilitate poWer reduction. For 
example, bypass register ?le energy consumption is mainly a 
function of the macro-architecture (# of source operands) and 
largely independent of pipeline length, Whereas the tradi 
tional bypass netWork energy consumption groWs as pipeline 
length increases. 

The foregoing descriptions of speci?c embodiments of the 
present invention have been presented for purposes of illus 
tration and description. They are not intended to be exhaus 
tive or to limit the invention to the precise forms disclosed, 
and obviously many modi?cations and variations are possible 
in light of the above teaching. The embodiments Were chosen 
and described in order to best explain the principles of the 
invention and its practical application, to thereby enable oth 
ers skilled in the art to best utiliZe the invention and various 
embodiments With various modi?cations as are suited to the 
particular use contemplated. It is intended that the scope of 
the invention be de?ned by the Claims appended hereto and 
their equivalents. 
What is claimed is: 
1. A processing pipeline system comprising: 
a processing component for processing information and 

producing processing result information; 
a bypass register ?le for receiving said processing result 

information, Wherein said bypass register ?le includes: 
a Write port for receiving processing result information; 
a plurality of cells for storing the processing result infor 

mation; 
a plurality of read ports for forWarding the processing 

result information to an architectural register ?le and 
a bypass feedback path; and 

a head pointer pointing to an entry inside the bypass 
register ?le; and 

a hybrid bypass stage for staging output of the processing 
result information from said processing component 
before Writing to said bypass register ?le. 

2. The processing pipeline system of claim 1 Wherein pro 
cessing result information from the processing component is 
stored into the entry indicated by the head pointer. 

3. The processing pipeline system of claim 1 Wherein said 
processing result information from the entry indicated by the 
head pointer is read out of the bypass register ?le. 
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4. The processing pipeline system of claim 3 Wherein each 

cycle, the head pointer is rotated to point to a different entry 
in the bypass register ?le. 

5. The processing pipeline system of claim 4 Wherein the 
rotating is implemented by incrementing or decrementing the 
head pointer modulo N Where N is the number of entries in the 
bypass register ?le. 

6. The processing pipeline system of claim 1 further com 
prising additional read ports for reading source operands. 

7. The processing pipeline system of claim 1 further com 
prising additional Write ports and handling multiple results 
per cycle. 

8. The processing pipeline system of claim 1 further com 
prising plurality of head pointers. 

9. The processing pipeline system of claim 1 Wherein each 
of the plurality of head pointers is associated With a respective 
one of a plurality of tail pointers. 

10. A pipeline method comprising: 
staging computation result information; 
receiving computation result information in a bypass reg 

ister ?le; 
rotating a head pointer and a tail pointer into said bypass 

register ?le; 
Writing said computation result information to said bypass 

register ?le in accordance With said head pointer; and 
retiring said computation information based upon said tail 

pointer. 
11. The pipeline method of claim 10 further comprising 

forWarding said computation information based on bypass 
tracking and control signals. 

12. The pipeline method of claim 10 Wherein neW results 
are Written into said bypass register ?le at a ?xed offset 
relative to Where said head pointer points. 

13. The pipeline method of claim 10 Wherein information 
to be retired is read from said bypass register ?le at a ?xed 
offset relative to Where said tail pointer points. 

14. The pipeline method of claim 10 Wherein rotating 
includes incrementing said head pointer and tail pointer With 
Wrap around. 

15. Method of claim 10 Wherein rotating includes decre 
menting said head pointer and tail pointer With Wrap around. 

16. The pipeline method of claim 10 Wherein said head and 
tail pointers move in unison. 

17. The pipeline method of claim 10 further comprising 
delaying processing information becoming available for 
reading from a time that said processing formation has been 
Written into said bypass register ?le. 

18. The pipeline method of claim 10 further comprising 
associating a latency With said head pointer. 

19. A processing pipeline system comprising: 
a means for staging computation result information; 
a means for storing said computation result information in 

a storage entry after said staging, Wherein said compu 
tation result information remains in said storage entry 
until retired to an architectural register ?le; and 

a means for tracking a head pointer and a tail pointer that 
indicates Where in said means for storing to store com 
putation result information and Where to retire said com 
putation result information from. 

* * * * * 


